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Abstract—This paper presented an extended digital image 
correlation technique (EDIC) for mapping damages in concretes. A 
digital image camera was used to scan the surfaces of investigated 
concrete beams during the loading process. The developed EDIC 
technique was used to computationally detect macro and micro 
cracks, and predict micro crack propagation before the crack become 
visually detectable. This developed EDIC technique is essential to 
carry out an in-situ mapping damages in concrete structures. This 
new technique firstly extended the capability of current digital image 
correlation technique by computational detecting multiscale cracks, 
which enables a non-destructive test of structural damages. This 
developed EDIC technique can be used for further research on 
material damages in the society of concrete academia and 
applications in detecting damages of ageing concrete structures in 
concrete related industries. 
Keywords—Extended digital image correlation, Mapping 
damages in concretes, Distance transformation algorithm, 
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I.  Introduction 
Non-destructive test (NDT) plays an important role in 
damage assessment of ageing concrete structures, and in 
planning repairing work. Comprehensive damage assessment 
requires detecting macro and micro cracks. Current digital 
image correlation (DIC) approach, one of popular NDT 
techniques, can only detect macro cracks by recording images 
in measurement process. The objective in this study is 
developing an extended digital image correlation (EDIC) 
technique to detect macro and micro cracks developed on the 
beam surface, and to predict micro crack propagation for the 
assessment of damage levels and planning reparation. 
II. Methodology 
The methodology used in this investigation is 
computational detecting damages through the developed EDIC 
technique together with comparison of scanned images to 
determine critical damage strains then conduct computational 
detecting multiscale cracks in investigated concretes. The 
calculation of correlation can be involved in comparison and 
determination. The critical damage strains play an important 
role in detecting the multiscale cracks in concretes. The 
critical damage strain is the value at which crack will initiate 
and propagate. This will help to identify and monitor a 
damage zone in concretes, which is required in assessing the 
damage level of ageing concretes.  
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III. Experimental work 
A number of concrete beam samples with two sizes of, 100 
x 100 x 500 mm and 100 x 100 x 250 mm, dimensions were 
tested in laboratory. A standard DIC camera measurement 
system (Imager E-Lite 5M Camera – Lavision Product) was 
used to monitor the deformation and failure of concrete beams 
subjected to gradual increment in flexural loading. Figure 1 
shows a failed concrete beam at the end of the test. The test 
process was monitored by a DIC camera system which 
provides vital data of the surface damage mechanism of the 
tested beams, including recorded deformed and undeformed 
images of concrete beams. Images were recorded according to 
the setup of the frequency for taking images. The number of 
images stored was given according to the order of taking 
image in loading process. These data were sorted in the 
corresponding image correlation system for producing 
required information such as deformation and strains around 
the area of interest which was set using a rectangular boundary 
before the analysis begun. 
IV. Digital Image Correlation 
       The functional relationship between the point before and 
after deformation as shown in Equation 1. 
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Where, ),( ypxp  and  *)*,( ypxp  are the coordinates of point 
P before and after deformation; ),( yxu  and ),( yxv  are the 
displacement functions in x and y direction respectively, 
calculated using the incremental coordinates. The degree of 
matching between subsets of pixels is quantified by the 
correlation coefficient (COF) shown in Equation 2.  
 
   (2) 
 
Where,  yxF ,  and  yxG ,  are the grayscale of the undeformed 
sub-image on coordinate  yx,  and deformed sub-image on 
coordinate  yx,  respectively. The strain field can be 
computed individually using Equation 3 in which, ut1, vt1 and 
ut2, vt2 are the displacements in x and y direction of the selected 
points at time t1 and time t2 respectively. The different time 
point was actually taken from different images recorded in 
loading process in this investigation.   
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The formulas to calculate the maximum principal strain and 
the principal strain angle are given by the following Equations. 
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Where, 
xx and yy  are the normal strain in x and y axes 
respectively, 
xy  is the shear strain and p is the principal 
strain angle. 
 
V. Extended digital image 
correlation 
 
      The strain filed produced by DIC can be written into a 
matrix with m×n dimension shown in Equation 8.  
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The developed EDIC used a created mathematical function, 
distance transform algorithm (DTA) together with the function 
of maximum stationary point (MSP) to compute the distance 
transform for plotting a crack path along the dominated 
damage track of the damaged zone. This dominated damage 
track was recognised as a crack path in which every point has 
an equal distance to the side edges of the damaged zone.   
 
In NDT calculation, the sing result, slope )( ii between two 
points can be calculated by Equation 9.  
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The sign function is a mathematical expression defined by the 
Equation 10.  
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The local peak value at each row of strain matrix is identified 
by the Equation 11. 
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Where, the R is an array of sign results in potential damage 
region. Finally, all peak values obtained from each row of 
strain matrix in damage region were sent into an array P given 
by Equation 12 to plot crack paths.  
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Equations 1 to 12 were used in the development of EDIC 
based programme. This programme was developed by Matlab. 
This EDIC programme was used in this investigation to 
computationally detect failed patterns with macro and micro 
cracks in the following three concrete samples tested in a 
structural laboratory.  
 
VI. Results and comparison 
 
      Figure 2a shows two of recorded images of failed concrete 
samples with cracks during the loading process. Figure 2b 
displays the deformed meshes by recorded images at the 
failure points given by current DIC camera system. It can be 
seen from Figure 2b that current DIC camera system can only 
present the deformed meshes except recorded images. 
However, the developed EDIC technique can conduct a crack 
path along the dominated damage track in the damaged zone. 
This can be seen from Figure 2c in which the width of crack 
dictates the amount of strain scaled by the local peak values of 
principal strains at each row of strain matrix in the damaged 
area. The direction of crack growth at each point given in 
Figure 2c was associated with the principal strain vectors. 
 
      Figure 3 shows tested results of another sample recorded at 
the images 475 and 480 together with the EDIC detection of 
multiscal cracks. It is hardly to say a visible crack shown in 
Figure 3a at the early image 475. As the loading level 
increased, a macro crack was clearly recorded at the image 
480 shown in Figure 3c. Actually, this macro crack has been 
detected by the EDIC as a micro crack at the corresponding 
loading level of image 475 shown in Figure 3b. Therefore, the 
macro crack appeared at the later images can be detected as a 
micro crack by the EDIC at the earlier image or lower loading 
level, which are undetectable by current DIC camera system.  
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     Figure 4 presents that the EDIC detected multiscale cracks 
together with images recorded at varied loading levels. It 
should be noticed that the increased loading levels are 
equivalent to the continually recorded image numbers in 
experimental work. It can be seen from Figure 4a that the 
image 447 shows a visible or macro crack at the lower part of 
beam. Figure 4b shows a micro crack marked by a red circle 
detected by the EDIC at the corresponding loading level of the 
image 447. Obviously, this micro crack was not caught by 
DIC camera at the image 447. As loading increased, the image 
448 presented a further visible or macro crack shown in Figure 
4c. Through comparing Figures 4b and 4c, the macro crack 
given by the image 448 proved the EDIC computational 
detection of a micro crack at the image 447 shown in Figure 
4b. It should be noticed that a critical damage strain of 0.02 
was used in the computational detecting a micro crack in this 
investigation. 
 
VII. Conclusion and future work 
      The developed EDIC technique was successfully used in 
computational detecting multiscale cracks in concrete beams 
under bending. The EDIC played an important role in 
detecting the damaged area with macro and micro cracks. The 
full damage models of tested concrete beams were achieved 
by the developed EDIC technique with a distance 
transformation algorithm. Applications in this investigation 
have shown that the EDIC technique is able to detect 
multiscale cracks. This advantage can essentially help the 
determination of the damaged area of concretes which needs 
assessment and reparation. This developed EDIC technique 
has potential to carry out a practical measurement on site to 
provide a comprehensive damage level of the ageing concrete 
structures, to detect further crack propagation for ensuring a 
safe usage of the ageing concrete structures and planning 
reparation.  
     The developed technique EDIC can also be applied into 
reinforced concretes for safety assessment in the future. The 
currently developed EDIC technique as a 2D system can only 
be used for detecting multiscale cracks on the flat surface of 
objects. The future work will consider extending the 
developed technique EDIC from a 2D system to a 3D system 
for mapping damages of the objects with curved surfaces. 
Future work will also include further validation of the EDIC 
on computational detecting the micro crack propagation 
through more applications.         
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Fig. 1. A failed concrete beam sample 
Fig. 2.   a. Image with cracks   b. Meshed image    
c. Macro and micro crack paths 
Fig. 3. a. The image 475 with no visible crack; b. The 
EDIC detected micro cracks at the image 475 which is not 
shown in a; c. A further image 480 with a crack growth 
proving the micro crack shown in b 
Fig. 4. a. The image 447 with a macro crack; b. The 
EDIC detected micro crack marked by a red circle 
which is not shown in a; c. A further image 448 with 
a crack growth proving the micro crack shown in b.    
